The mRNA encoding mouse renin has been partially purified from total poly(A)-containing RNA of submaxillary glands of male Swiss mice. Corresponding cDNAs were cloned in
Proteins whose accumulation in specialized tissues is regulated by steroid hormones provide a useful model for studying some of the mechanisms involved in gene expression in animal cells. In some cases the accumulation ofone or a few specific mRNAs, resulting from the binding of the receptor hormone complex to chromatin, is restricted to specialized tissues. For example, this is the case in the accumulation of ovalbumin in the chicken oviduct (1) . Nevertheless, in other cases, it appears that proteins present in different organs can be regulated by different mechanisms: this is the case of conalbumin or transferrin in the chicken oviduct and in the liver (2) . A similar situation has been reported for uteroglobin in the rabbit (3) and for ,B-glucuronidase (4) and a-amylase in the mouse (5) .
The case ofmouse renin is ofparticular interest. Renin, a key enzyme in the control of blood pressure and electrolytic balance, has a single known function: the cleavage ofangiotensinogen (6) . Normally, the juxtaglomerular cells ofthe kidney constitute the principal source ofrenin. But, in some strains of mice, such as AKR or Swiss, renin is synthesized in relatively high quantity in the submaxillary gland of the males (7, 8) . Kidney enzymes and submaxillary gland enzymes are indistinguishable by immunological and physicochemical criteria (9, 10) .
In other strains of mice, such as BALB/c, renin is not synthesized in the submaxillary gland even though kidney renin levels remain unchanged in both males and females (11) . Analysis of heterozygotes and recombinants of inbred mouse strains has led to the hypothesis that Rnr, the gene that mediates the susceptibility of submaxillary gland renin to induction by androgen, is located near the structural gene and is a cis-acting element (11) .
It has been shown that precursors ofsubmaxillary gland renin and kidney renin are synthesized as a 50,000-dalton polypeptide and that the two tissues-specific renin precursors are recognized by the same antibodies (12) .
In the present report, we present results ofthe cloning ofthe mouse cDNA encoding submaxillary gland renin. The cDNA clone pRn3-5 has been used to study the expression of the mRNA encoding renin in the submaxillary gland and in the kidney of different mouse strains.
MATERUILS AND METHODS Animals. Seven to 8-week-old mice of the inbred strains AKR, BALB/c, C3H, and Swiss obtained from the Institut Pasteur were used in all experiments.
Purification of Submaxillary Renin and Antibody Production. Submaxillary gland renin was purified according to the method of Cohen et al. (13) . Homogeneity of the enzyme was demonstrated by the presence ofa single band on NaDodSOJ polyacrylamide gel electrophoresis and of a single NH2-terminal amino acid as shown by dansylation experiments. Antisera were raised in Fauve de Bourgogne male rabbits by the method of Vaitukaitis (14) . Immunodiffusion and immunoelectrophoresis showed a-single precipitin line with submaxillary renin.
DNA and Enzymes. The sources of DNA and enzymes were as described (15) .
Isolation of Poly(A)-Containing RNA and Renin mRNA Purification. Conditions for extraction and fractionation of total poly(A)-containing RNA have been described (16, 17) .
In vitro Protein Synthesis and Immunoprecipitation. In vitro translation of mRNAs was performed by using the mRNAdependent reticulocyte lysate translation system as described by Pelham and Jackson (18) . Immunoprecipitations were done according to Dobberstein et at (19) .
Construction and Screening ofcDNA-pBR322 Hybrid Molecules. Double-stranded cDNA synthesis, homopolymer tailing ofcDNA and Pst I-cleaved pBR322 vector with dC and dG, and the hybridization reaction were carried out as described (20) . Escherichia coli C600 (rk-mk-) was transformed, and ampicillinsensitive, tetracycline-resistant transformants were transferred to nitrocellulose filters on agar plates. Duplicate filters were prepared for in situ hybridization (21) and hybridized to 32P-labeled (10-20 x 106 cpm/gg) cDNA probes prepared from poly(A)-containing RNA isolated from male or female submaxillary gland.
Characterization of Recombinant Plasmid by Hybrid-Arrested Translation. Hybrid-arrested translation was performed essentially as described by Paterson et al. (22) .
Poly(A)-Contaiiing RNA Electrophoresis, Transfer, and Hybridization. Poly(A)-containing RNA treated with glyoxal (23) was electrophoresed on 1.1% or 2% agarose gels and transferred to nitrocellulose paper according to Thomas (24) . PrehyThe publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.bridization, hybridization, and washing conditions were as described (24, 25 
RESULTS

In Vitro Translation of mRNAs Isolated from Submaxillary
Glands of Male and Female Mice and Identification of Renin Precursor. Male and female mRNAs directed the synthesis of a number of common polypeptides, but some polypeptides (indicated by the arrows) were more prominent or unique in the translation products directed by the male mRNA ( Fig. 1) . It is known that, apart from renin, the synthesis of several polypeptides is under hormonal control by androgen in the submaxillary gland of the mice. They include the nerve growth factor, the associated trypsin-and chymotrypsin-like activities, and the epithelium growth factor (27) (28) (29) dalton polypeptide present in translation products ofmale AKR, but not female AKR, mRNA was precipitable by antirenin. When we compared the translation products synthesized in response to mRNAs prepared from AKR or Swiss mice and from BALB/c, for which no renin is detected in the submaxillary gland by immunodiffusion or by the determination ofenzymatic activity (11) , the 45,000-dalton protein was absent in the translation pattern ofpolypeptides synthesized in response to BALB/ c mRNA (data not shown). Partial Purification of the mRNA Encoding Mouse Submaxillary Gland Renin. Total poly(A)-containing RNA was prepared from the submaxillary glands of 7-week-old Swiss males and fractionated on a 5-20% sucrose gradient. Aliquots of each fraction were translated in vitro in the rabbit reticulocyte lysate system. Analysis of the optical density profile showed two main peaks, one corresponding to 9 S and one to 18 S (Fig. 2) . Surprisingly, analysis of the translation products of the fractions of the 9 S region showed that the corresponding polypeptides behaved as 40,000-dalton proteins. Furthermore, regardless of the conditions of reduction and denaturation, these proteins always migrated as a diffuse band. We have also observed that the relative migration of these proteins is dependent on the porosity of the gel. Determination of sequence of corresponding recombinants could elucidate the nature of these proteins which could belong to the mucin class which has a very particular amino acid composition (30) .
Analysis ofthe translation pattern of Swiss mouse mRNA fractions indicated that the 45,000-dalton polypeptide identified as the renin precursor is encoded by an mRNA sedimenting as a 16S species. The renin precursor appears to be the main polypeptide encoded by fractions 17-19 in Fig. 2 . In contrast, analysis of the translation pattern of the corresponding fractions of mRNA prepared from BALB/c males showed that there is no renin precursor synthesis (data not shown). Because of the absence of data on the primary structure of the protein, the recombinant was identified by hybrid-arrested translation experiments. Recombinant pRn3-5 containing a 1200-base pair insert and poly(A)-containing mRNA were mixed and hybridized in a 1:1 molar ratio relative to renin mRNA assuming that this mRNA represents about 2% of total mRNA. The hybrids were translated in the rabbit reticulocyte lysate. In vitro translation of the renin precursor was selectively abolished when total poly(A)-containing RNA was hybridized with the recombinant DNA (Fig. 3) .
Analysis of Renin mRNA Expression in the Submaxillary Gland of AKR, Swiss and BALB/c Males. We used the pRn3-5 probe to examine the nature of the mutation preventing the expression of renin in the submaxillary gland of BALB/c males. Poly(A)-containing RNA was prepared from submaxillary gland of 7-week-old AKR, Swiss, and BALB/c males and from AKR females. RNA (1,ug) treated with glyoxal in dimethylsulfoxide was subjected to electrophoresis on 1.1% agarose gels. RNAs were blotted on nitrocellulose filters and hybridized to 32P-labeled pRn3-5. containing RNA from submaxillary glands and kidneys was fractionated on a 2% agarose gel after denaturing treatment, transferred to a nitrocellulose paper, and hybridized with the nick-translated cDNA from clone pRn3-5. The paper was exposed for 12 (ii) the cDNA clone pRn3-5 hybridized to a 1600-nucleotide mRNA present in submaxillary gland of male mice and in the kidney of male and female mice.
(iii) Hybrids between pRn3-5 and male submaxillary gland poly(A)-containing RNA selectively abolishedin vitro synthesis of the 45,000-dalton polypeptide identified as the renin precursor.
Studies of physicochemical and immunological properties of renin from the submaxillary gland and kidney have shown that the two enzymes were indistinguishable. The results presented in this paper show that the two renins are encoded by mRNAs that are of the same size (1600 nucleotides) and share sequence homology, as judged by the stability ofpRn3-5 DNA and kidney mRNA hybrids in 0.1 standard saline/citrate at 50TC. The amount of kidney mRNA hybridizing to pRn3-5 clone appears to be much lower than that present in submaxillary gland. This is an expected result because it-is known that the concentration of renin is higher in the submaxillary gland than in the kidney in strains producing submaxillary renin (9) . All these results suggest that the two renins are the product of the same gene. Only analysis of corresponding cloned genomic fragments will give us definitive proof.
The fact that the expression ofa single gene is under different control mechanisms in different tissues is not an exceptional situation. This is the case of transferrin in the liver and conalbumin in the oviduct in the chicken for which it has been shown that allelic variants of the gene are expressed in both tissues (31) . Uteroglobin in the rabbit and 13-glucuronidase in the mouse are also under different control mechanisms in different tissues (3, 4) . More recently, it has been shown that both salivary gland and liver a-amylase mRNAs are transcribed from the same gene (5, 32) .
The case of mouse renin is of particular interest because mutations at the Rnr locus seem to alter specifically the rate of renin accumulation in response to androgen (7, 8) . This locus is probably one of the first well-characterized mammalian loci whose function is to regulate the rate of accumulation of a specific mRNA. Comparison of the structures of AKR and BALB/ c genomic fragments encoding the submaxillary renin will permit us to characterize the regulatory DNA sequences involved in renin mRNA accumulation in the submaxillary gland under steroid control.
Unfortunately, in the case of renin, the lack of allelic mutations in the structural gene does not permit us to prove unambiguously that Rnr is linked to the structural gene. Nevertheless, the fact that heterozygotes have an intermediate level of renin and the fact that mutations at the Rnr locus have a selective effect on renin mRNA accumulation whereas the expression of the other genes is unaffected strongly favor the-hypothesis that Rnr is linked to the structural gene (10) .
Over the last 50 years, genetic studies ofinbred mouse strains have led to the characterization of structural gene variants and also ofmutations affecting the concentration ofseveral enzymes. Although the physiological significance of a large amount of renin in the submaxillary glands remains unknown, genetic differences in the renin content represent probably natural variations fixed at the homozygous state in inbred strains. It is clear that strategy involving sex linked differences or strain variations in gene expression can be applied to the cloning of other genes.
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